Abstract. We present the first evidence of vitrification of a single-component monatomic liquid in two dimensions, where atoms interact isotropically through the Lennard-Jones-Gauss potential [M. Engel and H.-R. Trebin, Phys. Rev. Lett. 98, 225505 (2007)]. With the use of a molecular dynamics simulation, we quench the system from a melt to a state well below the melting temperature. At lower temperatures, the state of this system does not have any long range order nor show any structural relaxation. We obtain various physical quantities such as the specific heat, the intermediate scattering function and the mean square displacement during the cooling process and demonstrate that the structural relaxation of the monatomic liquid shows characteristic behaviors of the common glass transition.
INTRODUCTION
Since the first discovery of the glass transition in 1923 [1] , numerous theoretical and experimental efforts have been made to understand the transition. However, the complete understanding of the glass transition is still yet to be achieved. The difficulties in understanding the glass transition arise from the fact that almost all glass forming materials consist of many constituents. Even in computer simulations, two components are needed to produce quasi stable glassy state. There have been considerable but unsuccessful attempts to produce a single component glass. If a single component glass could be formed even in a computer, understanding of the glass transition will advance significantly since theoretical analysis of a single component system is much easier and can be scrutinized carefully through comparison with (computer) experiments.
Recently, Engel and Trebin [2] reported that quasicrystals and complex crystals can be realized as thermodynamically stable states for a singlecomponent monatomic system where atoms interact through the Lennard-Jones-Gauss (LJG) potential.
In this paper, we report for the first time that the glassy state of a single-component monatomic system can be obtained by rapid cooling of the LJG liquid. In next section, we explain the model potential and the method of molecular dynamics (MD) simulation. In Sec. 3, the static structure and thermodynamic properties are investigated. A brief report for dynamical properties is given in Sec. 4 and Sec. 5 is devoted to discussion.
MODEL POTENTIAL AND METHOD OF MD SIMULATION
The Lennard-Jones-Gauss potential consists of the Lennard-Jones potential and a pocket represented by the Gaussian function [2] , where r is the distance between two atoms. (1) Figure 1 shows the LJG potential. Note that this kind of effective potential is known to exist in many metallic alloys [3] . 
We investigate the vitrification process for 2,500 atoms on two dimensional space with periodic boundary conditions, where the LJG parameters are set to , 47
. This set of parameters produces the pentagon-triangle phase in equilibrium [2] . The size of the simulation cell is chosen so that the density becomes . 1   We employ the Verlet algorithm for the MD simulation with time step 0.01 0 t . We prepare a liquid
as the initial state and then cool the system down to a target temperature at quenching rate 0.01T*/step with the velocity scaling. After equilibrating some time, we measure various physical quantities. Figure 2 shows the atomic configuration in the real space and the static structure factor at 1 . 0 *  T , where the system is annealed at this temperature for 10 7 time steps with the velocity scaling. Apparently, no long range order is observed and the state does not show any structural relaxation at least for the period we observed. Thus, the state we obtained can be a glassy state.
STATIC STRUCTURE AND SPECIFIC HEAT
In the cooling process, we measured the total energy of the system as quenched. Circles in Fig. 3 show the temperature dependence of the total energy of the system as quenched. Each of circles corresponds to an individual quenching from the liquid state.
Calculating the temperature derivative of the energy numerically, we obtained the specific heat as shown in Fig. 4 . The abrupt change in the specific heat at 35 . 0 *  T resembles the specific heat of glass forming materials [4] . It should be emphasized here that the amorphous state produced by quenching can relax to more stable state when the temperature is high. In fact, the state below 2 . 0 *  T seems to be stable glass, but the amorphous state above 2 . 0 *  T tends to transform into a mixture of quasi-periodic regions. We confirm this transformation from the change of the atomic configuration and the static structure factor. The timescale of the transformation depends on temperatures. At higher temperature (T*~0.4), it's the order of 10 4 time steps, at lower temperatures (T*~0.3), it's the order of 10 6 time steps. We examined the total energy in the heating process from the glassy state at 2 . 0 *  T . The system is heated after equilibrating 5×10 5 time steps with the velocity scaling from the glassy state as quenched to 2 . 0 *  T . The squares in Fig. 3 show the energy of the system obtained by heating as a function of temperature. In the heating process, the system transforms its structure to a more stable mixture of quasi-periodic regions. The melting was observed at 
DYNAMICAL PROPERTIES
In order to see the dynamical characteristics of the vitrification process, we first calculated the self part of the intermediate scattering function 
DISCUSSION
We presented strong evidences of vitrification of a monatomic liquid in two dimensions which consists of single-component atoms interacting isotropically via the LJG potential. The system quenched to temperatures far below the melting temperature keeps the amorphous structure for fairly long time. At T*=0.1, the amorphous structure keeps over 10 7 time steps. If this time scale is longer than the observation time, then we can consider the system as a glass. We measured several thermodynamic and dynamic quantities for supercooled liquid and amorphous state as quenched and showed that these quantities exhibit characteristic behaviors of the glass transition even though the system may be transformed into the mixture of quasi-periodic regions for higher temperatures we studied. Further detailed investigation of this process will reveal the origin of slow relaxations in glass forming materials.
Our preliminary calculation shows that the LJG liquid in three dimensions can also be vitrified by rapid quenching [5] which will be reported in the near future.
